Chelex 100" is another example of a commercially available supported chelating agent. The material was available from Bio-Rad and was used to purify compounds, most notably transition metal ions. [1] The preference for transition metal ions, e.g., copper (II) or iron(II) ions, over such univalent metal ions as sodium or potassium is said to be about 5000 to 1 [1]. The material consists of a styrene-divinylbenzene copolymer to which is attached iminodiacetic acid moieties.
Introduction
In this chapter, ligands have a more focused definition than they typically do. Ligands are molecules having donor atoms with a pair of electrons that form coordinate covalent bonds with metal ions. Unidentate ligands have a single donor atom, while chelating agents have two or more donor atoms, and in attaching to the metal ions form rings that are associated with enhanced stability. Further, two kinds of chelating agents are involved: molecular and supported.
Molecular chelating agents, such as ethylenediaminetetraacetic acid, (HOOCCH 2 ) 2 NCH 2 -CH 2 N(CH 2 COOH) 2 EDTA react with metal ions, such as magnesium, calcium, or transition metal ions to form soluble molecular entities in aqueous solutions. These chelating agents are said to "sequester" the metal ions, much as a prisoner in jail is sequestered or removed from society. The metal ion is sequestered in the sense that the act of forming the compound changes the properties of the metal ion. For example, EDTA may be added in small quantities to beer to prevent a haze in the solution due to formation of insoluble, dispersed calcium carbonate. Two molecules of iminodiacetic acid, HN( CH 2 N(CH 2 COOH) 2 Other ligand-complex entities may be insoluble, but the coordination compounds formed, soluble or insoluble, are molecular entities.
Examples of supported chelating agents
Supported chelating agents are attached physically or chemically to a solid, and the coordination entities that result from reaction of metal ions are insoluble polymeric materials. Iminodiacetic acid can be attached to a solid and is one of six chelating agents attached to a solid and sold as "QuadriPure TM Scavengers" sold by Sigma/Aldrich. One of these may be depicted as Solid-CH 2 N(CH 2 N(CH 2 COOH) 2 . the metal ions involved. For example, the chelating tendency, expressed as log K, where K is the equilibrium constant for the formation of the metal complex, follows a certain order for many chelating agents. That order for divalent metal ions of the first transition metal series is known as the Irving-Williams Order [8] [ 9, 10] Recycling metal ions is part of the concentration process noted above. It can typically be achieved by treatment of the sorbed metals with dilute nitric acid. This is a strong acid, and the nitrate ion is not a strongly coordinating anion. In addition, recycling can be a useful means of paying for the removal process. An example of this was a laboratory bench-scale experiment to treat water from the Berkley Pit, recycle the copper and sell the copper to help pay the processing costs. The Berkley Pit [11] was once an open pit copper mine that was opened in 1955 and closed in 1982.
When the mine was closed, water pumps in a 3,800 ft shaft were turned off and the pit was slowly filled [11] . It is now a mile long, a half mile wide, and about 900 feet deep. It is said to be one of the largest Superfund sites. The chemistry of the Pit is complicated, one may say unfavorable, and certainly challenging. The bench-scale project considered the possibility of using Octolig® to remove copper and help pay for the process, but additional study would be needed [12] .
Preparation of supported chelating agents
These materials can be made in several ways depending upon the method of linkage that is chosen. The procedures can be placed in three categories. They are covalent linkage, ionic linkage, and London-forces linkages. As an example of the covalent linkage, it is interesting to compare (vide infra) two sources: the detail in the patent (Examples 1-4) [14] with a journal article by Gao and co-workers [13] , as in the experiments section 2.3 (entitled "Preparing and characterizing of composite absorption particles of PEI/SiO 2 ").
Covalent linkages
Lindoy and Eaglen [14] noted that metal ions were removed by the material produced and noted in Figure 1 . A special feature was that due to the spacing established by the three-carbon bridge or linkage " the material maintains a high ion-complexation capacity." These workers also demonstrated metal-ion removal capacity for representative metals (transition metal ions, alkali metal ions, etc). The material under dynamic conditions removed 50 mg Cu(II) /g composite. The metal absorbing ability followed the order Cu 2+ > Cd 2+ > Zn 2+ .
Flow chart for the synthesis of a supported chelating agent. BPEI consists of branched ethylenediimino moieties [14] A similar technique was used by Soliman, who also used a silica gel matrix and a covalent linker to tie to a series of amines, mono-, di-, tri-, and tetra-amine [15] . Using a batch equilibrium technique, he measured the removal capacities (mmole/g) for divalent forms of cobalt, nickel, copper, zinc, cadmium, and lead. In general maximum removal values (at optimum pH values) were obtained for the tetra-amine species.
El Ashgar used a variation on the technique [16] . Specifically, 3-chloropropyltrimethoxysilane was used to alkylate diethylenetriamine, i.e, reaction with the halide end to produce a precursor of a polymer (I, Eqn. 1). The reaction of I with tetraethylorthosilicate resulted in a "diethylenetriamine polysiloxane immobilized ligand system." 
The system was effective as a solid-phase preconcentration agent for cobalt(II), nickel(II), and copper(II) at pH 5.5 using column chromatography. A especially desirable feature was that the three metals could be cleanly separated by adjusting the pH of the eluent [16] .
Another covalent approach is condensation of a potential ligand of the type HO-Y-Z where Y is a hydrocarbon moiety and Z is a coordinating group NH or NH 2 or SH. The mixture of solid substrate (clay, silica) was suspended in toluene with the potential ligands and a drop of sulfuric acid in a flask attached to a Dean-Stark tube, which is attached to a condenser. The reaction occurs between OH on the potential ligand and OH group on silica with the elimination of water using azeotropic distillation. Water produced in the reaction flask (2, Figure 2 ) distills as a constantboiling mixture (3) , that is cooled in a condenser (5) , and separates into two components, which drop into a calibrated Dean-Stark tube (8) . The water drops to the bottom of the tube; toluene returns to the reaction flask (2) . The progress of the reaction can be measured, e.g., condensation of 0.1 mole of HO-Y-Z should give 1.8 milliliters of water. The reaction is allowed to proceed until completion [17, 20] . Clays were also used as supports [18, 19] .
Ionic linkages
Examples are available from a number of studies. The authors demonstrated that the use of ion-exchange resins as supports for chelators that can be derivatized or converted to ions is a versatile technique [22] . Examples involving two different ion-exchange resins help indicate the range of the technique.
An anion-exchange resin in the hydroxide form RNHOH (e.g., IR-120), can be treated with other chelating agents HCh converted to the anionic forms, NaCh (Eqn. 2). 
Lee and coworkers [23] used the technique shown (Eqn 2) to load a number of chelating agents, among them chromotropic acid, onto the anion exchange resin Dowex® 1-X8 (chloride form). These composites are easy to prepare, and loading of metal ions on the chromatography columns showed the metal ion loading as a color change.
An anion exchange resin (e.g. Amberlite® R-120) was treated with protonated dithiooxamine, H 2 NC(S)C(S)NH 2. Using the supported ligand, quantitative removal of copper, cadmium, and lead ion solutions at neutral or slightly alkaline solutions of deionized or tap water, but poor results were obtained with sea water [22] .
London-forces (corkscrew) approach
On occasion useful ligands are available, but need to be converted to supported ligands.
Examples of such ligands include LIX54 [CH 3 (CH 2 ) 11 C 6 H 4 COCH 2 COCH 3 ], LIX860 (n-dodecylsaldoximine), oleoylacetone, and N, N'-didodecyldithiooxamide (all were once commercially available). A two-step procedure was used [24] [25] [26] [27] : First, silica gel (5 g) was mixed with 25 mL of hexane, and the excess solvent allowed to evaporate to produce silica gel with pores loaded with hexane. Next the treated silica gel was mixed with a solution of a chelating agent in hot hexane. After stirring, the hexane was allowed to evaporate. It was hypothesized that a change in environment resulted with the evaporation of the hexane, i.e., that the long-chain hydro- Column Chromatography carbon in the pores experienced changed environment, e.g., from hydrophobic to a hydrophilic condition. It was presumed that in the new environment, the form of the long-chain hydrocarbon altered, going from a stretched-out to a coiled version (idealized form, Figure 3 ) as a result of association of London forces. The coiled version would lead to a wedged ligand. The efficacy of the approach is considered later (cf. Table 8 ).
Removal of heavy metal ions with Octolig®
Remaining sections of this chapter are concerned with research involving the commercially available supported chelating agent called Octolig® because large quantities were available for a very reasonable cost (a wholesale price prior to 2008 was $40 per kilogram), and a collaboration was established with Robert Alldredge on the basis of mutual interest in the supported chelators, as noted elsewhere [10] .
Examples of the removal of heavy metal ions by Octolig® may be found in three areas: patents, company literature, and refereed journals.
Patent literature
Lindoy and Eaglin [14] provided useful information about their experiments demonstrating the efficacy of removal of representative transition metal ions.
Company literature
Several examples are available in literature provided by Metre-General, Inc. [28] .
A first example involved a Colorado plating shop with numerous plating lines, removal of Cr, Cu, Ni, and Zn was a matter of concern. The existing precipitation process did not consistently reduce heavy metal concentrations to less than required limits. By use of an Octolig® column chromatography system (cf. Figure 4 ), the plating shop was able to recycle the treated water and reduce the fresh water usage from 18,000 GPD (gallons per day) to 8,000 GPD [28] . Specifications included two 56-gallon HDPE tanks, a 120 V pump, on/off float switch, rotameter with flow-rate adjustment, two pre-filters, and four filters with refillable Octolig® cartridges. Size is 52"x52" with a 68 gallon spill containment. From [28] and reproduced with permission.
The results of the study are summarized in part in Table 2 and demonstrate two useful consequences. The first result was an effective removal of nuisance transition metal ions: 98% removal of zinc ion, 93% removal of nickel(II), 73% removal of copper(II) species. The second result, as a consequence, was the ability to reduce the fresh water intake by recycling reducing water usage by 67%.
Element Cr Cu Ni Zn
Untreated water 0.30 0.80 0.60 4.20
Treated water N/D 0.21 0.04 0.0 Table 2 . Effect of Octolig® treatment on concentrations, ppm, of selected metals [28] A second example involved a similar unit installed at a gold mine located in mountains west of Denver, Colorado [27] .The chief contaminant in the mine drainage water was zinc, and about 4 million gallons of mine drainage waster was discharged yearly at the gold mine. A two-fold treatment was tested. First, water flowing into a settling pond (33 ft. by 40 ft., 3 ft. deep) was crudely treated with lime. Second, the overflow was pumped through pre-filters then into an Octolig® MRP (metal removal plant) unit. In a pilot study, treated water contained only 0.02 ppm zinc. It was calculated that costs of the installation were less than $0.70 per 100 gallons of drainage water [28] . And probably one should remember the value of water in certain arid parts of the western United States.
A third example [28] Metre-General, Inc. tested undiluted groundwater samples as received and at two dilutions to test the efficiency for removal at different influent concentrations. Dilute organics were removed by charcoal column chromatography. Heavy metals were removed by Octolig® column chromatography The removal system was one like that shown in Figure 4 . Some 10 columns made of HDPE plastic about 35 in (89 cm) in diameter held 300 kg of Octolig®21. The columns were arranged in two banks of five each operated in parallel and designed to treat 300 GPM ( gallons per minute). The results in Table 3 indicate that concentrations of metals of concern were reduced to below required limits.
The data also indicate that Octolig® can have a long "recycling life" because the heavy metal ions were removed, not comparatively innocuous ones like calcium that affect TDS (Total Dissolved Salts). The contrast between removal of cadmium or chromium versus non-removal of calcium ion shows the advantage of being able to design supported chelators for specific purposes. Supported iminodiacetic acid, for example would have removed cadmium, but also calcium ions as well, reducing in this instance the useful capacity of this material.. 
Refereed literature
Quantitative removal of uranyl ion, UO 2 ++ , from aqueous solutions (well water)was demonstrated using the standard chromatography technique. Solutions of uranyl acetate (50 ppm) were quantitatively removed by Ferrilig, Thorilig, or Octolig® [29] . Uranium is a contaminant of the mineral apatite in Florida that is a basis of the phosphate industry. Uranium can also contaminate sources of drinking water in certain areas of Colorado, and is a matter of concern for water supplies for small towns [29] .
Gao and co-workers measured the absorption properties of an Octolig®-like material [13] by a batch and a flow methods. Quantitative reaction was reported, and the absorbing ability of the PEI-silica material followed the order of Cu 2+ > Cd 2+ > Zn 2+ at a pH of 6-7 [13] . They also measured the saturated absorption uptake and reported values for copper(II) of 25.95 mg/g and 50.01 mg/g, respectively, for static and dynamic conditions [13] .
Removal of anions with Octolig® and metal derivatives of Octolig®
Some initial studies in our laboratory were concerned with removal of nuisance species by means of chromatography with Ferrilig, the iron(III) derivative of Octolig ® These species, existing as anions, were arsenate and arsenite, chromium as chromate, molybdenum as molybdenum(VI), and selenium as selenite and selenite species. All four are nuisance species in the western United States as well as elsewhere. Molybdenum is an essential element, whose compounds are useful, but it is a nuisance in areas of molybdenum mining when mining runoff water or processing water in ponds becomes a disposal problem. The initial focus was on removing arsenic species by chromatography, and a specific focus was on the iron(III) derivative of Octolig® (named "Ferrilig" ) because of the known insolubility of ferric arsenate [30] [31] [32] .
The synthesis of Ferrilig (IV, Eqn 5), originally described [30] has been studied with view toward improving the amount of iron taken up. The synthesis is summarized (Eqn. 4-6) [31] . Octolig® (II) was treated with aqueous ferrous sulfate under a nitrogen atmosphere. The product (material III Eqn. 4, 5) after spontaneous oxidation and production of hydroxide ion (Eqn. 6) is termed Ferrilig (material IV). The structure of Octolig® was that given in the company literature [28] . 
Oxidation of the ferrous form (material III, green) to the ferric form (material IV, rust brown) occurs spontaneously in the presence of air, e.g., as the wet sample is standing exposed to the air.
The role of coordination in reducing the oxidation potential of iron(II) is well known, and was noted by Moeller [33] , a process that is enhanced when the coordinating agent is a chelating agent. Thus the oxidation potential for hydrated ferrous-ferric species is -0.771V; whereas the value in the presence of oxalate ion is -0.02 V [34] . Octolig® has a plethora of chelating species, i. e., ethylenediimino moieties or extended ethylenediamines, that should be capable of lowering the oxidation potential of coordinated iron(II). Accordingly, the ease of oxidation should hardly be surprising. Nevertheless, it was surely interesting to note and watch. Species II was white, species III was green, and species IV was rust-brown.
Considering the effectiveness of Ferrilig, the study of other metal derivatives ("metalloligs") was effected using what may be described as facile syntheses. The metals used were copper(II), cobalt(II), nickel(II), manganese (II), and thorium(IV) [32] . An exhaustive study can not be claimed, e.g., for all metalloligs and all anions. But all six metalloligs exhibited 99% removal of arsenic by means of column chromatography using 280 x a10 -3 ppm As as Na 2 HAs0 4 [32] .Other anions were tested using various metalloligs, and quantitative removal (98-99%) was achieved for nitrate, nitrite, phosphate, sulfate, and fluoride ions in deionized water [31, 32, 35] .
A standard test for removal ions by chromatography involved the following: A Spectra/chron peristaltic pump was used to deliver aqueous samples to a chromatography column, 2 cm (id) by 31cm and equipped with a glass frit and a Teflon stopcock. The column was packed with about 22 cm of Octolig® or other solid. Before packing, the solid was suspended in water, swirled, and the fines were decanted, a process that was repeated until no fines were observed. Water samples were chromatographed using a rate of 10 mL/min. Usually, the first three or four 50-mL aliquots of effluent were discarded, and later ones were used for analysis ( In a subsequent study, some attention was focused on the use of Cuprilig, obtained by a truly facile synthesis by shaking a suspension of Octolig® in deionized water and a standard solution of copper sulfate in deionized water. Cuprilig was tested for removal of perchlorate ion, which is a serious problem in certain areas, most notably in Rialto, California where one source of well water contained 10,000 ppb perchlorate. This remarkable concentration was probably a consequence of a plume of contaminated water, owing to proximity to a facility that produced ammonium perchlorate, the propellant for the sidewinder missile [37] . Obvi-ously it was of interest to determine whether a metallolig, e.g., Cuprilig, could remove perchlorate ion from aqueous solutions using column chromatography, and it was a success [37] . Using perchlorate solution, the effluent was below detection limit, i.e., <1 ppb. But success also raised the question of a "control" experiment, one kind being to eliminate the role of the metal ion, and use only Octolig®. Doing so, the results were equally good, i.e., > 99% removal with Octolig® alone using deionized water or well water [37] . Clearly a different model for understanding the removal process was in order. And the current hypothesis is that nitrogens are protonated at low pH values probably as well, even somewhat above the pH at which Octolig® should not used. A working hypothesis consistent with Figure  5 is that at least two important considerations are involved: (1) The nitrogens must be protonated, and (2) species to be removed must be anions or if weak acids convertible to anions [39] .
Further studies [35, 37, 38] have found that simple anions can be quantitatively removed by Octolig ® at reasonable values of pH, and the order of removal is consistent with an ionic model of anions being attracted to protonated moieties of the Octolig® as represented ( Figure 5 ). Figure 5 . Proposed structure of Octolig® -anion (A-) interaction [38] . Reproduced with permissionof the publisher A range of compounds can be quantitatively removed provided the pKa of the material is less than about 8 [40] . Above that value, the per cent removal was less than 20% [40] . This is demonstrated in Figure 6 . It may be presumed that for those compounds having pKa values greater than 7+, the anion concentration vs. the degree of protonation of Octolig® reaches an unfavorable balance. One substance of special interest is BPA (vide infra). 
Compounds in order of increasing pKa values (in parentheses

Control of pharmaceuticals and other large anions
Three diverse groups of compounds can be usefully considered for their impact, but the need to be able to separate them from aqueous solution: Pharmaceuticals, BPA, and food dyes. These will be considered in succession.
Pharmaceuticals
The range of anions that can be quantitatively removed by Octolig® and column chromatography include some significant pharmaceuticals. These substances are chemical compounds (inorganic or organic) that can be used in the diagnosis, mitigation, treatment, or prevention of a disease [41, 42] . Unfortunately, because of their usefulness and the magnitude of production they can represent a disposal problem [41] [42] [43] . Pharmaceuticals have an impressively wide range of applications -human medicine, veterinary medicine, aquaculture, livestock production, and agriculture. [43] . A recent review [42] quoted a statistic that of the 16,200 tons of antibiotics produced in the United States in 2000, about 70-% was used for livestock [40] . Unfortunately, about 75% of the antibiotics involved was not absorbed and was delivered to the environment in the form of urine and feces [41] .
On the positive side, a study using Octolig® as a separating agent showed that Amoxicillin (Figure 7) , a very popular antibiotic in the United States was among those quantitatively removed [44] , as noted in Table 5 . This a result that is consistent with the information provided in Figure  6 . It is also noteworthy that results for DI (deionized ) water and well water from the Floridan Aquifer were similar. The lack of a matrix effect, at least for these two solvents may be promis- Figure 6 . Maximum per cent removed as a function of the pKa for the compound under study [47] Chromatographic Separations with Selected Supported Chelating Agents http://dx.doi.org/10.5772/55521
ing if one considers that hospitals can represent a significant source of un-metabolized drugs as well as metabolic products of these drugs /in waste products. The concern raised more recently is the fate of such waste materials. One may consider an analogy, i.e., radiator shops in certain localities must be careful not to release zinc ion water laving the establishment lest the concentration affect bacterial used in sewage treatment. Will a similar concern arise with respect to hospitals? The possible causes for concern were raised in a review on the topic [43] . Table 5 . Passage of aqueous Amoxicillin samples over a 3.0 (id) chromatography column packed with ~130 mL of Octolig® at a flow rate of 10 mL/min (50-mL aliquots were collected and concentrations of fractions 4-10 were measured spectrophotometrically) [44] 
PBA
Another large molecule of potential interest would be anions derived from Bisphenolacetone (Figure 8 ) synthesis (Eqn 7), notable reactions to produce polycarbonate (Eqn. 8) or epoxy resins (Eqn. 9). As reviewed recently elsewhere [45] . Bisphenol A (BPA), the synthesis of which is shown (Eqn. 7), is a component in the synthesis of polycarbonate plastics and epoxy resins (Eqn. 8, 9) that have a variety of significant uses. 
As noted in the review [45] , these plastics can fail with age, and BPA or other substances possessing estrogenic activity (EA) can be released. The review noted other points of significance (with documentation provided in the review) including:
• BPA is also present in our bodies in detectable amounts in our blood stream.
• It is present in the rivers and estuaries in detectable amounts, despite its low solubility in water.
• Though BPA may have a short half-life in soil, the ubiquity of the substance provides a continuous supply in the environment.
• A significant concern arises as to the toxicity of this material, which because of the ubiquity of the material and the uncertainty of the toxicity has become a matter of concern and significant debate, which seemingly leads to three choices: ban, restrict, or ignore [45, 46] .
• Two better approaches are avoidance of exposure to EA-containing polycarbonates or treatment of EA-containing polycarbonates.
The potential control of EA materials in plastics needs to be considered because the volume of plastics used annually means that there will be no sudden cessation of use. But there is reason for optimism, based on a recent study. Results of a survey of 455 commercially available plastic products for release of estrogenic active (EA) material gives pause for the thoroughness as well as for the implications [46] . These workers discovered that EA materials could be removed by extraction with two solvents, e.g. ethanol and saline, and the potential for control of EA materials in plastics may be considered.
The hypothesis that anions of BPA might be removed by column chromatography with Octolig® was considered but not pursued because of the warnings in a MSDS (Material Safety Data Sheet) about hazards of BPA and because the pKa values of BPA were listed as 9.59 and 11.3.
The expectation of success was limited, based on the hypothesis and the prediction based on available data ( Figure 6 ).
Dyes
As Rosales and co-workers noted [48 ] , vast amounts of chemical dyes (around 10 6 tons) are made annually worldwide [ 49] . Dye-containing effluents can make their way into runoff and wastewater, eventually settling in the soil. As these workers noted [48] , with textile industries, as much as 50% of the dyes can be lost and disposed in effluents [50] . These dyes can have adverse effects on the environment and ecosystems they pollute. Previous extraction methods have had limited success in removal from soil, and a recent approach involved the use of Fenton's reagent with electrochemistry [48] testing removal of Lissamine Green (Figure 9 ) from a pseudo-soil matrix (kaolin).
Martin and Nabar [51] noted that previous studies [39] had demonstrated the ability to remove Lissamine Green from aqueous solutions, using column chromatography with Octolig® so it might be cheaper to extract Lissamine Green from soil using hot water, then remove the Lissamine by column chromatography with Octolig®. They were successful with kaolin and montmorillonite, but discovered that mixtures of clay and peat were less successful depending on the amount of peat present, then success of extraction decreasing linearly with the concentration of peat present. accordingly, the two step procedure would save same on electricity, depending on the availability of hot water and the type of soil present. 
Food dyes
Other dyes such as food dyes may be commonly present, but the amount actually used is uncertain, and some workers have been concerned with the impact of these commonplace substances.
Food dyes are among the commonplace aspects of our daily life that may need more scrutiny [52] .. These artificial colors are added to food for several reasons, chiefly to make the food more appealing, or perhaps fool the consumer into thinking the food has fruit or other helpful ingredients [52] . As noted elsewhere [52] , synthetic food dyes have no nutritional value, they have no health benefits, they are not preservatives, but they do make us feel good about eating the food.
One significant concern is the suspicion that for over three decades the dyes have not been safe for all consumers [52, 53] Specifically some dyes are suspected of being responsible for behavioral problems in children., including "short attention span, aggressiveness, impulsivity, distractibility [54] ." Feingold is credited with proposing that food dyes induce or aggravate symptoms of hyperactivity in children [55] , and suggesting a "Feingold diet" is one that eliminates artificial food colorings.
Conflicting results, however, made it difficult to determine whether a Feingold diet is beneficial, despite a number of studies that have been conducted that have led to the view that food dyes did impair performance of hyperactive children [54] , or did not in a controlled study [56] , or that it did and that a one-week experimental diet could be used to detect a "sub-group of children hyperactive from specific food dyes [57] ."
One common food dye is FD&C No 1 (Figure 10 ), a dye which should be removable by column chromatography by Octolig® were this to be desired. The structure ( Figure 10) showing sulfonate groups indicates on the basis of Figure 6 that a low pKa would be expected, as would be ease of separation. Table 6 . Column chromatography of aqueous Erythrosine B samples over a 3.0 cm (id) column packed with ~130 mL of Octolig® at a flow rate of 10 mL/min (50-mL aliquots were collected and concentrations of fractions 4-10 were measured spectrophotometrically) [44] Similarly, using our standard method for column chromatography, quantitative separation was obtained. for Erythrosine, but also for the other food dyes in contemporary use It is also notable that there was no significant matrix effect observed for DI, tap or well water.
Batch separations versus column chromatography using Octolig®
Removal of metals by immobilized ligands frequently involves a choice of two techniques, a batch method or column chromatography. The batch method can be faster when samples are taken from the supernatant for replicate analyses. This method also can establish when equilibrium (or stasis) has been established. One flaw is that the sample of solid may not be adequate to remove all the sample in the supernatant (which is an asset for measuring capacity of the solid). But there are at least three applications of the batch method that can be considered.Ò ne application was determining the time course for of the batch methods. The example ( Figure  13) shows the time course of removal can be fairly rapid, and an estimate of the capacity is indicated by the "plateau phase." A second application of the batch method was being able to evaluate a mechanism of sorption, as noted by Gao and co-workers [13] .
A third application was that of comparison. Many in academe seem to have favored batch methods. In contrast, a valued colleague [9, 10] noted that information obtained from column chromatography was more applicable to the needs of industry. Column chromatography was used with Octolig® in practical applications as noted previously.
Accordingly, a series of experiments was designed and performed to evaluate comparisons of batch versus column chromatography (cf. Table 7) . A standard batch method is presented here for the sake of comparison [59] . A sample of Octolig ® (5 g as received) was placed in a 250-mL Erlenmeyer flask covered with 100 mL of about 1600 ppm phosphate as NaH 2 PO 4 . The samples were placed in a gyrotory water bath and subjected to shaking (>170 rpm) overnight. At the end of the shaking period, an aliquot was removed, and diluted ca. 1:8 for phosphate. Mean and SD values were calculated. The result was subtracted from the initial phosphate concentration to determine the capacity, expressed as moles per kg of Octolig®.
Results of the study with Octolig®, summarized in Table 7 indicate that there was no statistically significant difference [59] between the two methods. Similar results were obtained for a capacity for arsenate [59] . The results (Table 7) were also used to see if there was a major difference between different preparations of Octolig® by comparing capacity for phosphate (Sample 1 vs. Sample 2), A fourth application is a convenient assessment of the removal of a transition metal by a supported chelator vs sorption on the substrate. It appears that the supported chelators were able to remove copper ion in a quantitative manner, but a goodly proportion (83%) was removed by sorption on silica gel. In contrast, a Linde molecular sieve (alone) with fairly defined pores removed about half of the copper ion through sorption. Supported chelating agents can effectively satisfy three needs: concentration for analysis, removal from solution, and removal coupled with regeneration. Their use on a commercial scale has been demonstrated for many years with Chelex as well as Octolig® for removal of transition metals ions and other uses. It seems likely that Octolig® could be competitive with a highly selective ion-exchange resin and, perhaps, commercially competitive, but this remains to be demonstrated. The examples demonstrated indicate a number of chelating agents can be attached using one of three different methods, though covalent attachment seems the easiest and most assured. The range of separations ---metals ions, simple anions, pharmaceuticals, industrial dyes, and food dyes -seem impressive, and indicates the utility of separation by column chromatography using appropriately supported chelating agents.
